Diapause-destined embryos of the crustacean Artemia franciscana cease development as gastrulae, encyst, and enter a resting stage characterized by greatly reduced metabolic activity and extreme stress resistance. To better understand diapause induction and maintenance in Artemia embryos gene expression was analyzed by subtractive hybridization at two days post-fertilization, a time early in this developmental process. Eighty-five of 264 cDNA clones sequenced matched GenBank entries and they fell into categories designated as environmental information processing, cellular processes, genetic information processing and metabolism. Semi-quantitative RT-PCR of cDNAs populating the subtractive library identified seventeen up-regulated and four down-regulated transcripts, the former including those encoding a human transcription cofactor homologue, three small heat shock proteins, putative cell growth suppressor proteins and several enzymes. As examples, p8 may modulate gene expression during diapause in Artemia embryos. BRCA1 associated protein-1 (BAP1) and other functionally related proteins may influence cell growth and division during transition into diapause, a time when these processes are inhibited, whereas small heat shock proteins protect embryos from stress. This study represents the first systematic molecular characterization of diapause in crustaceans. Several differentially expressed genes were identified, expanding the repertoire of proteins potentially modified during diapause and suggesting mechanistic pathways indigenous to the initiation and maintenance of this physiological state.
Introduction
Diapause, a developmental process where cell growth and metabolic activity are inhibited, occurs either in response to environmental signals or as a genetically predetermined event within the life history of an organism (Denlinger, 2002; Hondo and Stewart, 2004; Burnell et al., 2005; MacRae, 2005; Koštál, 2006) . Behavioral changes typify diapause, reproductive activities are synchronized, and resistance to stresses such as temperature extremes, anoxia, desiccation and starvation, is enhanced. Development resumes upon diapause termination and the return of conditions amenable to growth, events temporally separated for some species.
Diapause takes place at diverse developmental stages and confers varying degrees of dormancy within insects where research emphasis is on hormonal regulation, gene expression and molecular chaperones, with opposing results in some cases (Flatt et al., 2005; Kidokoro et al., 2006; Robich and Denlinger, 2005; Tachibana et al., 2005) . In comparison, diapause (dauer) in third instar larvae of the nematode Caenorhabditis elegans is initiated by crowding and nutrient limitation. Environmental information and intracellular signaling pathways are integrated via dauer formation (daf) genes (Burnell et al., 2005; MacRae, 2005) . DAF-9, a cytochrome P450 steroid hydroxylase, is thought to produce cholesterol-derived hormones which interact with the nuclear receptor DAF-12 to determine dauer versus reproductive growth (Gerisch and Antebi, 2004; Motola et al., 2006) . The FOXO transcription factor DAF-16, with effects on metabolism, longevity and stress resistance, also appears to play a key role in diapause entry . Mammals undergo embryonic diapause or delayed implantation at the blastocyst stage, entailing reversible arrest or reduction of cell proliferation and metabolism (Hamatani et al., 2004; Hondo and Stewart, 2004) . Implantation delay is under hormonal control, representing a reproductive strategy that promotes offspring survival by ensuring adequate separation between the births of successive generations.
Diapause-destined embryos of the Branchiopod crustacean Artemia franciscana encyst as gastrulae (cysts), experiencing profound reduction in catabolism, biosynthetic activity and macromolecular degradation (MacRae, 2003; Clegg, 2007) . The time at which diapause commitment occurs in Artemia embryos is uncertain and may occur before fertilization. Molecular changes leading to developmental arrest and reduction in metabolism, the latter after cyst release from the female (Clegg and Jackson, 1998; MacRae, 2003) , are apparent in embryos as early as 1 day after fertilization (Qiu and MacRae, 2007) . Encysted embryos tolerate long term anoxia, desiccation and temperature fluctuations exceptionally well (Clegg et al., 2000) , with stress resistance thought to depend on the cyst wall (Anderson et al., 1970) , trehalose (Viner and Clegg, 2001) , and molecular chaperones (Liang and MacRae, 1999; Chen et al., 2007) . p26, a well-characterized small heat shock protein (sHSP) synthesized predominately in diapause-destined embryos, functions as a molecular chaperone in vitro while granting stress tolerance to transformed bacteria (Jackson and Clegg, 1996; Liang and MacRae, 1999; Sun et al., 2004 Sun et al., , 2006 Sun and MacRae, 2005a; Ma et al., 2005; Qiu et al., 2006) and transfected mammalian cells, where it also inhibits apoptosis (Villeneuve et al., 2006) . The ferritin homologue artemin prevents heat induced denaturation of citrate synthase in vitro and confers thermotolerance on transfected mammalian cells (Chen et al., 2007) , activities characteristic of molecular chaperones. Artemin is very heat stable and associates with RNA under high temperature, suggesting protection of this macromolecule (Warner et al., 2004) .
The work described in this report is, to our knowledge, the first systematic molecular examination of crustacean diapause. Several differentially regulated genes whose products normally modulate growth, metabolic activity, macromolecule synthesis and stress tolerance, were identified in diapause-destined Artemia embryos. Of note are genes encoding a transcription cofactor, putative growth suppressors, sHSPs and several enzymes of varying functions. Although mRNAs rather than proteins were quantified in this work, the findings corroborate earlier studies indicating a role for sHSPs in diapause and reveal several previously unrecognized proteins with potentially important roles in this physiological process.
Results
2.1. cDNAs obtained from diapause-destined Artemia embryos by subtractive hybridization PCR based screening of 1128 isolates from the subtractive hybridization library prepared from Artemia embryos two days post-fertilization yielded 264 clones of suitable length for analysis. Of these cDNAs, 85 (32.2%), with 26 in multiple copies, encoded known proteins archived in GenBank, 70 (26.5%) matched hypothetical proteins, 97 (36.7%) were unidentified and 12 (4.5%) were not usable (Fig. 1a) .
Proteins identified in diapause-destined Artemia embryos
When adjusted for duplication the 85 identified cDNAs from diapause-destined Artemia embryos encoded 55 different proteins with varying degrees of similarity to known proteins. The proteins were divided into 4 functional categories including environmental information processing, Fig. 1 . Categorization of cDNAs and proteins from diapause-destined Artemia embryos. (a) cDNA sequences obtained from Artemia embryos by subtractive hybridization were compared to archived sequences in GenBank. (b) Proteins identified in diapause-destined Artemia embryos were divided into functional categories using KEGG PATHWAY at www.genome.ad.jp/keg/pathway.html. Table 2 ). Twelve transcripts failed to amplify including sidekick, vacuolar protein sorting 16 isoform 1, superoxide dismutase and F-box and WD-40 domain protein in the environmental information processing category; phosphotyrosyl phosphatase activator, cathepsin, and chromatin remodeling factor in the cellular processes category; and leukotriene A4 hydrolase, chloride channel protein, chitin binding protein (DW678188), fattyacyl reductase, and stearoyl-CoA desaturase in the metabolism category. These transcripts were not considered further.
Discussion
Differential gene expression entails response to external cues by regulatory proteins and as an example, mRNA for the stress induced basic helix-loop-helix transcription cofactor p8 (Mallo et al., 1997 ) is up-regulated in diapause-destined Artemia embryos (Qiu and MacRae, 2007) . p8 either stimulates (Päth et al., 2006) or inhibits (Jiang et al., 2006) cell growth, the outcome depending on association with other transcription factors (Jiang et al., 2005) . Moreover, p8 promotes (Carracedo et al., apoptosis, the latter via interaction with prothymosin a . p8 up-regulation may therefore favor cell growth suppression and inhibit apoptosis during Artemia diapause. mRNA encoding a protein with similarity to Drosophila takeout increased significantly in diapause-destined embryos. Insects possess complex Takeout/juvenile hormone binding protein (JHBP) gene families whose products combine with ligands such as juvenile hormone, thereby mediating development, metabolism and growth in response to nutritional and circadian signals (Sarov-Blat et al., 2000; Noriega et al., 2006; Saito et al., 2006) . Up-regulation of the takeout gene homologue suggests hormone regulation of Artemia diapause an intriguing possibility when compared to this process in insects. Transcripts encoding N33 protein and FLI-LRR associated protein-1 (FLAP-1) were reduced in diapause-destined embryos. N33 protein is a candidate human tumor suppressor with similarity to a regulatory subunit of the oligosaccharyltransferase complex (MacGrogan et al., 1996; Ahuja et al., 1998) . Down-regulation of a growth suppressor in embryos undergoing diapause is unexpected and suggests the protein has a function other than limiting cell proliferation. N33 mRNA occurs in diapause Aedes triseriatus, but message quantity relative to non-diapause mosquitoes is unknown (Blitvich et al., 2001) . The down-regulation of mRNA for FLAP-1, which binds the leucine-rich region (LRR) of flightless I, a novel gelsolin enriched in cardiac and skeletal muscle, is conceptually less problematic than reduction of N33 (Liu and Yin, 1998; Fong and de Couet, 1999) . By modulating actin organization in early development, FLAP-1 may affect cellularization and differentiation, especially for muscle, both processes probably of limited utility in diapause-destined embryos as development ceases.
PCR indicated a limited amount of BRCA1 associated protein 1 (BAP1) mRNA, a nuclear localized, ubiquitin carboxy-terminal hydrolase, only in diapause-destined embryos. BAP1 interacts with the RING domain of human BRCA1, a predominately nuclear, ovarian and breast cancer susceptibility gene product with tumor suppressor activity. BRCA1, an E3 ubiquitin ligase, engages in protein degradation, transcriptional regulation, DNA damage repair and cell cycle control (Mullan et al., 2006; Sankaran et al., 2006) . Deubiquitination by BAP1 improves BRAC1 stability as it is less likely to be targeted by proteasomes, thus enhancing suppression of breast cancer cell growth (Jensen and Rauscher, 1999) . Analogous behavior by BAP1 in Artemia embryos may contribute to developmental arrest. Transcripts for a neuralized-like protein 2 homologue, which resembles BRAC1 because it possesses a RING domain and is an E3 ligase, appear only in diapause-destined embryos. Mammalian neuralized-like E3 ligases are induced in alveolar type II cells by inflammation (Hu et al., 2005) , control b-catenin degradation during muscle development (Nastasi et al., 2004 ) and negatively (Dornan et al., 2004) . These ligases are closely related to Neuralized in Drosophila and Xenopus, regulators of the Notch signaling pathway that mediates apoptosis, cell growth and differentiation (Hu et al., 2005; Song et al., 2006) . Neuralized-like protein 2 may affect cell processes other than via Notch, with outcomes determined by ubiquinitation extent and the ubiquitin lysine used for attachment to target proteins (Hu et al., 2005) . E3 ligases potentially exert far reaching effects on developing organisms and during diapause they may suppress cell division and macromolecular synthesis. Cyclin dependent kinase Cdk5 is a serine/threonine kinase which dimerizes with activator subunits of either 35 or 39 kDa (Ching et al., 2002; Wang et al., 2006) . This complex is reported to inhibit neuronal apoptosis by up-regulating Bcl-2 , control postsynaptic density 95 and NMDA receptor clustering at synapses (Morabito et al., 2004) , modulate GTP-dependent secretion by neutrophils (Rosales et al., 2004) and stimulate cell growth (Xie et al., 2003) . cDNAs for Cdk5 activator binding proteins designated C42, C48, and C53 were cloned and C42 inhibits Cdk5 activation (Ching et al., 2002) . The Artemia Cdk5 activator binding protein, for which transcript level marginally increased in diapause-destined embryos, may bind Artemia Cdk5 activator protein, but function is uncertain because protein similarity is limited. Decreasing apoptosis in Artemia by Cdk5, as observed in human SH-SY5Y cells , would have direct relevance to embryo survival during diapause.
Capture of p26 cDNA, which encodes a sHSP up-regulated in diapause-destined Artemia embryos (Liang and MacRae, 1999) , validates the use of subtractive hybridization for this study. mRNAs for sHSPs p26-like and Hsp16-like were also up-regulated in diapause-destined embryos. The e-value for the Hsp16-like clone is low but the entire cDNA has been sequenced demonstrating it is a sHSP (unpublished). sHSPs provide first line defense in stressed cells (Sun and MacRae, 2005b) and their up-regulation undoubtedly contributes to the exceptional ability of encysted Artemia embryos to tolerate insults. sHSP transcripts increase during insect diapause (Denlinger, 2002; Hayward et al., 2005; Robich et al., 2007) , indicating the importance of molecular chaperones to this process.
An isolate with low similarity to mouse RNA binding protein amplified slightly for non-diapause embryos developing into nauplii. RNA binding proteins populate heterogeneous nuclear ribonucleoproteins (hnRNPS) and small nuclear ribonucleoproteins (snRNPs) where they modulate RNA splicing, stability and translation (Rollenhagen and Panté, 2006; Sanchez-Diaz and Penalva, 2006) . Artemia RNA binding protein function is not clear, especially as semi-quantitative PCR suggests transcripts are limited, but RNA processing is undoubtedly active in embryos developing into nauplii, which would require the protein.
Testing of different primer sets for RNA binding protein and other isolates where amplification during semi-quantitative PCR is weak or non-existent is required to more fully characterize these proteins.
Erv1-like growth factor mRNA was amplified weakly in diapause-destined Artemia embryos but not during development into nauplii. Homologues of this protein include the mammalian augmenter of liver regeneration (ALR) and yeast essential for respiration and viability 1 and 2 (ERV1 and ERV2), both members of an FAD-linked sulfhydryl oxidase family that catalyzes disulfide bond formation in proteins (Wu et al., 2003; Gatzidou et al., 2006) . Yeast ERV is essential to mitochondrial maintenance, viability and the cell cycle, whereas mammalian ARL influences testis and liver development (Gatzidou et al., 2006) . ALR may modulate transcription via c-Jun/AP-1 (Wang et al., 2004a) , of potential importance for gene regulation in diapause-destined embryos.
Transcripts for the highly conserved 24.5 kDa QM protein, a multi-functional tumor suppressor (Oh et al., 2002; Park and Jeong, 2006) , appear in embryos entering diapause and to a greater extent in those developing into nauplii. QM protein interacts with c-Jun preventing activation of genes with AP-1 promoter sites, conferring on this protein the ability to inhibit cell growth and suppress tumors. QM is also the 60S ribosomal L10 protein involved in subunit association and protein synthesis. Additionally, QM interacts with SH3 domains of c-Yes and other Src kinases, suppressing activity and regulating signal transduction and development. Consequently, QM could control cell growth and differentiation, as well as impacting protein synthesis. Because QM declines in diapause-destined embryos it probably does not inhibit cell growth via transcriptional regulation. However, reducing QM may promote diapause by increasing Src-like kinase activity and decreasing protein synthesis.
Cysts remain metabolically active even after release from females and transcript changes reflect modified homeostasis in diapause-destined embryos. Glucose-6-phosphate isomerase catalyzes the reversible conversion of D-glucose-6-phosphate and D-fructose-6-phosphate during glycolysis and gluconeogenesis and it recycles hexose-6-phosphate in the pentose phosphate pathway. Increased glucose-6-phosphate isomerase mRNA in diapause-destined embryos suggests a greater reliance on glycolysis as development ceases and cysts form. By comparison, a diapause associated metabolic switch occurs in adult females of Culex pipiens where enzymes associated with blood feeding are replaced in favor of sugar feeding and lipid storage enzymes (Robich and Denlinger, 2005) .
Aldehyde dehydrogenases catalyze the basically irreversible pyridine nucleotide-dependent oxidation of aldehydes to carboxylic acids. These enzymes metabolize single substrates in reactions essential to organisms, and their absence causes pathological phenotypes in mammals (Slá-dek, 2003) . More rarely, aldehyde dehydrogenases are substrate non-specific and detoxify xenobiotics that generate aldehydes and/or metabolize aldehydes produced by lipid peroxidation, protecting against reactive oxygen species (ROS) and aldehyde accumulation (Sládek, 2003; Sunkar et al., 2003) . The aldehyde dehydrogenase identified in this study is not essential to the development of Artemia nauplii. In diapause-destined embryos, however, the enzyme may catalyze an essential metabolic reaction or the detoxification of an accumulating deleterious molecule. Both functions indicate diapause related metabolic changes in Artemia embryos.
The mRNA for steroid dehydrogenase, a constituent of an enzyme group that employs nicotinamide adenine dinucleotide (NAD) cofactors to modify steroid hormones and influence their binding to intracellular receptors (Agarwal and Auchus, 2005; Lukacik et al., 2007) , appears only in diapause-destined embryos. Although these enzymes metabolize substrates other than hormones the result suggests, as for insects (Denlinger, 2002; MacRae, 2005) , a role for hormone signaling as Artemia embryos enter diapause. There is, however, no direct evidence that hormones mediate Artemia diapause. Equally vague is whether hormone synthesis occurs in mature females versus embryos, if hormones are activated or inhibited by steroid dehydrogenase, and the cell processes influenced by hormones. Oxidized and reduced nicotinamide are likely to fluctuate in amount as metabolism changes during diapause, supplying triggers for modification of steroid dehydrogenase and cytochrome P450, an NADPH-requiring enzyme capable of irreversible steroid modification (Agarwal and Auchus, 2005; Lieberman et al., 2005; Bishop et al., 2006) and for which mRNA increases during Artemia diapause.
Mammalian uncoupling protein 3 catalyzes F 1 F 0 ATP synthase independent proton movement through mitochondrial membranes, decreasing mitochondrial electrochemical gradient (DW m ) without ATP production (Adams et al., 2001) . Uncoupling proteins modulate adaptive thermogenesis but most ectotherms do not perform this activity suggesting an alternate role for Artemia uncoupling protein 3 (Brand and Esteves, 2005) . Possibly, uncoupling protein 3 activated by either superoxide or hydroxynonenal holds DW m sufficiently low that mitochondrial ROS production does not damage the cell (Brand and Esteves, 2005; Echtay and Brand, 2007) . Up-regulation of uncoupling protein 3, as indicated by the increased levels of transcript for this protein, may modulate DW m as development slows and metabolism shifts, thus maintaining low ROS in diapause-destined Artemia embryos.
Dimeric dihydrodiol dehydrogenase, equivalent to NADP + -dependent D-xylose dehydrogenase, oxidizes trans-dihydrodiols of aromatic hydrocarbons to catechols in nicotinamide-dependent reactions (Arimitsu et al., 1999; Aoki et al., 2001) . Catechols are precursors of quinonoids which cross-link proteins and possibly chitins during sclerotization, yielding cuticle stabilization in insects and other arthropods (Kramer et al., 2001) . Increased dimeric dihydrodiol dehydrogenase transcripts suggest the enzyme contributes to cyst shell formation. mRNAs for chitin binding proteins possibly similar to those in the peritrophic membrane, a lining of the insect gut (Wang et al., 2004b; Mittapalli et al., 2007) , are up-regulated by two days post-fertilization in diapause-destined Artemia embryos. Although there is no obvious role for chitin binding proteins in the gut at this stage of embryo development, chitin is a major component of the shell which is essential to cyst survival. Chitin binding proteins, and dimeric dihydrodiol dehydrogenase, may arise in the shell gland or surrounding tissues, suggesting contamination of embryo mRNA. If, however, these mRNAs, and especially those encoding chitin-reactive domains are embryonic in origin, the result shows a previously unrecognized contribution to cyst wall assembly by the embryo.
The identification of up-regulated genes permits modeling of molecular events during development of diapause-destined Artemia embryos (Fig. 3) . Unknown inductive cues at the membrane or within embryos activate signaling mechanism(s) that stimulate synthesis of transcription factors such as p8 and affect the activity of other proteins. Consequently, cell growth regulators, enzymes involved in metabolism and macromolecular synthesis, and stress proteins are produced, and the cyst wall is synthesized. Additional work is required to identify more genes involved in diapause-destined development of Artemia embryos and extend characterization of those already recognized. Such studies will lead to greater appreciation of diapause in Artemia and other organisms, information of both fundamental and applied significance. Fig. 3 . Initiation and maintenance of diapause in Artemia embryos. Based on evidence generated by subtractive hybridization a model is proposed for developmental control of diapause-destined Artemia embryos. Signal(s) received by embryos activate expression of transcription factor genes such as p8. These proteins modulate the expression of other genes, some of which encode transcription factors. Consequently, many genes are affected, leading to changes in proteins that affect critical aspects of diapause induction and maintenance, including growth and development, apoptosis, metabolic shifts and protection from stress. Control is also likely to involve kinase/phosphatase cascades, but little evidence was obtained in support of their action.
Experimental procedures

Artemia culture
Hydrated Artemia franciscana cysts from the Great Salt Lake (INVE Aquaculture, Inc., Ogden, UT, USA) were incubated in hatch medium with resulting nauplii maintained in tanks (Qiu et al., 2006) . Adult females with oocyte-filled lateral pouches and coupled with a male were placed in 6-well culture plates containing hatch medium and examined periodically with a dissecting microscope until fertilization. Oviparous (diapause-destined) and ovoviviparous (nauplius-destined) embryos, differentiated as described (Liang and MacRae, 1999) , were collected two days post-fertilization and frozen in liquid nitrogen.
Subtractive hybridization
One microgram of RNA isolated with TRIzol (Invitrogen, Burlington, ON, Canada) from Artemia embryos two days post-fertilization was incubated at 72°C for 2 min, cooled on ice for 2 min and reverse transcribed at To enrich for diapause specific transcripts cDNAs from diapause-and nauplius-destined embryos were used respectively as tester and driver. After RsaI digestion of tester and driver at 37°C for 3 h (Fermentas Canada Inc., Burlington, ON, Canada) 170 ll of cDNA was mixed with 680 ll of NT2 buffer and 17 ll of NucleoTrap Suspension (BD Bioscience). This mixture was then incubated at room temperature for 10 min with gentle agitation every 2-3 min, centrifuged at 10,000g for 1 min and the pellet washed twice with NT3 buffer before elution of cDNA with TE buffer. The cDNA was precipitated with 2 volumes of ethanol containing ammonium acetate, dried and dissolved in 6.7 ll of TNE buffer. Tester cDNA was diluted five-fold with sterile H 2 O and divided for individual ligation with Adaptor 1 (5 0 -CTAATACGACTCACTATAGGGCTCGAGCGG CCGCCCGGGATGGT-3 0 ) and Adaptor 2R (5 0 -CTAATACGACTCCA CTATAGGGCAGCGTGGTCGCGGCCGAGG T-3 0 ) in 10 ll reaction mixtures containing 2 ll of cDNA, 2 ll of adaptor, 2 ll of 5· ligation buffer and 1 ll of T4 DNA ligase (400 U/ ll) (BD Bioscience). The mixture was incubated overnight at 16°C then at 72°C for 5 min. The first hybridization was performed in reaction mixtures containing 1.5 ll of RsaI digested driver cDNA, 1.5 ll of adaptor-ligated tester cDNA and 1 ll of hybridization buffer at 98°C for 1.5 min, then 68°C for 8 h. One microliter of denatured driver cDNA was mixed with the first hybridization reaction and incubated overnight at 68°C followed by addition of 200 ll of dilution buffer and heating at 68°C for 7 min.
One microliter of hybridization product was used as template for PCR in a 25 ll mixture containing 2.5 ll of 10· PCR reaction buffer, 0.5 ll of 10 mM dNTP, 1 ll of PCR primer 1 (5 0 -CTAATACGACTCACTA-TAGGGC-3 0 ) at 10 lM and 0.5 ll of 50· Advantage cDNA Polymerase Mix (BD Bioscience). The mixture was incubated at 75°C for 5 min followed by 27 cycles of 94°C for 30 s, 66°C for 30 s and 72°C for 90 s. The PCR products were diluted 10-fold and 1 ll was used for PCR with nested PCR primers 1 (5 0 -TCGAGCGGCCGCCCGGGCAGGT-3 0 ) and 2R (5 0 -A GCGTGGTCGCGGCCGAGGT-3 0 ), in forward and reverse directions respectively. The reaction conditions were 12 cycles of 94°C for 30 s, 68°C for 30 s, 72°C for 1.5 min. PCR products were purified with the NucleoTrap PCR Purification Kit (BD Bioscience), inserted into the T/A vector pCR2.1 (Invitrogen) and used to transform TOPO10 E. coli (Invitrogen).
Identification of differentially expressed genes during encystment and diapause
Bacteria from the subtractive library were plated on Difcoä Luria Broth, Miller (LB) (Becton-Dickinson and Co., Sparks, MD, USA) agar and LB-containing 96-well plates were inoculated with bacteria from white colonies. cDNA insert size in each clone was determined by PCR using the M13 Forward (5 0 -GTAAAACGACGGCCA-3 0 ) and Reverse (5 0 -CAG GAAACAGCTATGAC-3 0 ) primers, with reaction at 95°C for 5 min followed by 25 cycles of 95°C for 1 min, 45°C for 1 min, 72°C for 3 min. cDNA inserts of 700 bp or more were sequenced at Bio S&T Inc, Lachine, PQ, Canada. Sequence data were imported into Sequencher Version 3.1 (GeneCodes Corporation) for quality control and assembled into contiguous sequences for BLAST searches against GenBank using the NCBI data base. Identified sequences were divided into functional categories using KEGG PATHWAY at www.genome.ad.jp/keg/pathway.html.
To further test differential expression of individual genes RNA was prepared with TRIzol from diapause-and nauplius-destined embryos 2 days post-fertilization. Contaminating DNA was digested with the TURBO DNA-free kit (Ambion, Austin, TX, USA) following manufacturer's instructions and first-strand cDNA was synthesized at 37°C for 1 h in mixtures containing 11 ll of First-strand Reaction Mix (Amersham Bioscience, Mississauga, ON, Canada), 1 ll of primer (Not I-d(T) 18 ), 1 ll of DTT and 20 ll of RNA. With a-tubulin as internal standard, gene expression was measured with the Advantage-2 PCR Enzyme System (BD Bioscience) using 1.0 ll of cDNA in 25 ll containing 50 ng of forward and reverse primers (Table 3) . Primers, designed using Oligo 4.0 (Molecular Biology Insights, Inc.), were ordered from Integrated DNA Technologies, Inc. Reactions were 1 min at 95°C, followed by 25 cycles of 95°C for 30 s, 50°C for 30 s, 72°C for 30 s. PCR products were resolved in 2% agarose and stained with Gel Star (Cambrex, Rockland, ME, USA).
